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Documentation processes are an indispensible part of patient care. Timely access to complete and accu-
rate documentation is crucial to patient safety. However, there is no sufﬁcient tool to help health care
professionals effectively manage documentation processes. In this study, we developed an evaluation
methodology, including a documentation matrix, a documentation process ﬂow diagram, and a docu-
ment value tool, to analyze the necessity and redundancy of the documentation processes. We applied
this methodology in a gastrointestinal lab and improved the transparency of the documentation
processes among providers.
 2012 Elsevier Inc. All rights reserved.1. Introduction
Patient safety is a key goal in designing a documentation
process to ensure timely access to complete and accurate informa-
tion. Documentation provides a means to capture vital data needed
for patient care and for communication. Documentation can be
labor intensive and disruptive, and can impose undue distraction
from direct patient care [1–3]. Documentation processes can affect
patient satisfaction because patients are often directly involved
in documentation, either by completing forms or answering
questions.
There have been numerous studies on documentation or docu-
ment management [4–7], from the impact of documentation activ-
ities on both revenue cycle and direct patient care to timeliness
and completeness of documentation. However, there are few tools
that health care organizations can use to assess documentation
processes in terms of undue burden on clinicians. Little guidance
exists for optimal documentation processes. With increased need
to convert paper-based documentation processes to computerized
processes, there is also a need for modeling documentation
processes [4]. In most clinical settings, documentation processesll rights reserved.
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and Procedures, 200 First St.are often the result of continual evolution and patchwork
responses to the demands from a multitude of sources, including
legal and ﬁnancial regulatory bodies.
The documentation processes usually contain two types of
redundancies [8]. Effort redundancy adds to cost. Data redundancy
across different paper forms can potentially cause inconsistency
and misalignment of critical patient data. Redundancy is often nec-
essary and does occur because of the need for double-checking.
However, there has been no published methodology to differenti-
ate ‘‘necessary’’ from ‘‘unnecessary’’ redundancy.
As a ﬁrst attempt to use a system approach to address docu-
mentation redundancy, we aimed to develop a methodology to
evaluate a document ﬂow that better supports information
exchange, increases efﬁciency, and helps the transition to an elec-
tronic system. In order to achieve this objective, we conducted a
case study in gastrointestinal (GI) labs to analyze the documenta-
tion process performed by nurses and anesthesiologists on the day
of a procedure. We selected GI labs because (1) the GI documenta-
tion process is relatively less complex than other settings and al-
lows us to observe and test methods in evaluating key areas of
clinical documentation, and (2) patient safety in the GI lab requires
effective asynchronous communication among care providers to
manage patient sedation.
The methodology developed and the associated case study were
based on system engineering and were designed to (1) identify sys-
tematically documentation points and efforts, (2) to identify docu-
mentation necessity, and (3) to deﬁne information redundancy in
the documentation process.
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We considered two attributes of documentation processes in
developing a framework: necessity and redundancy. Table 1 lists
the key metrics developed.
To assess the necessity of each document, we developed a quan-
titative method to assign ‘‘value’’ to documentation. The ‘‘value’’
concept was adapted from LEAN [9,10], which divides tasks into
value-added and non-value-added categories. ‘‘Value-added’’ re-
fers to the components of a process that contribute to the desired
outcomes. ‘‘Non–value-added’’ refers to the components that make
no such contributions. We based the value of a document on the
necessity of the document.
To assess redundancy, we used the redundancy concept from
Cabitza et al. [11], who classiﬁed redundancy in a hospital inpa-
tient unit as follows:
1. Redundancy of functions: different people in an organization are
able to complete the same task so that one person is ﬂexibly
substituted or exchanged as seamlessly as possible when
needed.
2. Redundancy of efforts: the same task is performed again after the
corresponding goal has been reached at least once, or by using
more resources than necessary. Coordination and mutual
awareness often reduce this redundancy [11].
3. Redundancy of data: the same or similar data are repeated in dif-
ferent places (artifacts, information systems, etc.). Different
presentation of the same data may be important for different
purposes by different users [12]. Data redundancy can lead to
unsynchronized or inconsistent data [13]. Data can be redun-
dant in two ways: the same data and correlated data. Same-
data redundancy includes:
 Duplicated information: identical in content but located in
different sources.
 Replicated information: the same data repeatedly reported in
several points of the same artifact.Correlated data redundancy includes:
 Redundancy by derived data, which can be derived from other
data based on causal or functional relationship.
 Redundancy by supplementary data, which are reported in dif-
ferent artifacts in a slightly different shape to supplement each
other according to context of reporting and consulting.3. Methods
3.1. Development of the documentation evaluation methods
The documentation evaluation methods developed consisted of
a documentation matrix, documentation process ﬂow diagram, andTable 1
Key metrics in the documentation evaluation methods.
Key metrics Deﬁnition
Document
value
The necessity of the document from information exchange,
regulatory, and patient safety perspectives
Redundancy of
effort
The degree to which the same data collection process has
been performed multiple times
Redundancy of
data
The degree to which the same data has been collected
multiple times
Replicated
data
The same data collected and reported multiple times from
the same source
Duplicated
data
The same data collected but located in different sources
Derived data The data set that can be derived from another set
Supplement
data
The data set that provides additional informationa value analysis tool. This comprehensive tool set assesses not only
the necessity but also the redundancy of the documents.
1. The documentation matrix was designed to inventory all docu-
ments used in a clinical process. It was used as a ‘‘snapshot’’ tool
to help identify the redundancy between different documents.
Each column of the matrix represents a paper artifact that needs
to be processed. Each row of the matrix represents an attribute
of each paper artifact:
a. Title.
b. Purpose(s), such as clinical, legal, and administrative.
c. Format: how the provider ﬁlls out the document. For
instance, if all data are pre-populated with no need of data
entry, it is classiﬁed as automatic. Other examples include
checklists, free text, table, signature, scoring, instructions,
chart, and label.
d. Preparation: how the paper artifact is prepared. The common
examples include ‘‘printed out by staff member,’’ ‘‘patient
ﬁlled out at home and brought in,’’ ‘‘pre-printed,’’ ‘‘manufac-
turer printed,’’ and ‘‘printed carbon paper.’’
e. Workstation: location in a clinical process where the docu-
ment is in use. At each station, certain documents need to
be processed in order to complete care delivery.
f. Completion: what needs to be done to complete the docu-
ment. The common examples include ‘‘no work needed,’’
‘‘ﬁlled out by nurse,’’ ‘‘signiﬁcant information highlighted
by nurse,’’ ‘‘patient signature,’’ and ‘‘score calculated by
nurse.’’
g. Components and data ﬁelds of the document: constituent
elements of the document (to identify effort and data
redundancy).
h. Source: where the data to be entered originates. Preprinted
forms frequently require data entry of speciﬁc patient infor-
mation that may be available from electronic databases.
i. Number of copies: carbon paper allows multiple copies, but
usually documents have only one copy.
j. Storage: where the paper artifacts are stored after comple-
tion. For instance, most of the nursing documents are stored
with patient medical records.
2. We used a ﬂow diagram to capture the documentation process
and the dynamic interaction between providers and paper arti-
facts to include location, processing activities, and available
information. It provides a different angle from which to study
documentation redundancy. The differences between the docu-
ment ﬂow diagram and the standard process ﬂow diagram are
listed in Table 2.
3. Value analysis tool, which measures the value of a document in
terms of contributions to information supporting clinical deci-
sion making, to fulﬁlling regulatory requirements (by law and
external or internal regulations), and to patient safety. Contri-
butions to patient safety can be in the form of double-checking
documented information during the care-providing processes
(often multiple times). They can also be in the form of stimulat-
ing patient monitoring and communication when documenting.
Based on the theoretical framework on documentation value,
we created a value analysis tool (Fig. 1).
3.2. Observation and data collection
3.2.1. Setting
Using the methods described earlier, we studied the documen-
tation process in a GI lab of a large medical center that conducts
mostly complex GI procedures. The GI lab has 10 procedure rooms,
where patients can receive either anesthesiologist-monitored
anesthesia or moderate sedation without anesthesiologist moni-
toring. There are 8 preparation beds and 16 observation beds,
Table 2
Comparison between document ﬂow chart and process ﬂow chart.
Document ﬂow Standard process
ﬂow
Flow entity Multiple entities ﬂow through the
diagram
One entity ﬂows
through the diagram
Process
blocks
Differentiates transfer activities,
administrative activities (including
sorting, dividing, etc.), and
information-handling activities
(including adding new information)
Differentiate manual
and automatic
activities
Status
change of
entity
Captures the status change of the
entity, when new information is
added or a new procedure is
completed
Does not capture the
state change of the
entity
Location
track of
the
entities
Tracks the location of the documents Can track the location
but not in all ﬂow
charts
Personnel
resources
Differentiates documents ﬁnished by
different healthcare professionals
Not speciﬁc
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the GI lab is to provide diagnostic and therapeutic endoscopy ser-
vices for patients with GI disorders or digestive diseases.3.2.2. Data collection
Observations were conducted on 2 days in the same month and
covered nine procedures. Observation on one of those days focused
on the work process of the anesthesiologists and the other on that
of the nurses. During the observation, we recorded the time needed
to complete each paper artifact, the steps needed to complete each
documentation process, and the staff members’ comments regard-
ing each document as well as the documentation processes them-
selves. Samples of paper artifacts were collected for furtherSTART
New Info?
Same Data?
Required by
Regulation?
Using Same
Artifact?
Data Derived
from another?
Assign 5 to Regulation
Value Score
Assign 0 to Regulation
Value Score
Assign 5 to Information
Value Score
No
No
Yes
No
Yes
Yes
No
Yes
No
Yes
No
Fig. 1. Value ananalysis. To clarify and verify the information collected during the
observation, three unstructured interviews with administrators
and staff members, including a nursing supervisor, a recovery
nurse, and an anesthesiologist, were conducted. The interview sum-
mary notes provided additional information to assess the value of
each document and its constituent elements. In the studied GI
lab, documentation requires little direct inter-professional commu-
nication. In fact, coordination can be facilitated by paper documents
(‘‘coordinative’’ artifacts) that have the dual function of accumulat-
ing clinical data describing patients’ condition and coordinating the
activities of different workers who are handling the same case.
3.2.3. Data analysis
The documentation evaluation methods described in the previ-
ous section were used to analyze collected data. The observation
and interview data were analyzed in documentation matrix
(Appendix) to capture the different stages and key steps of the GI
documentation as well as care delivery process. The documenta-
tion ﬂow diagram was used to reﬂect communication paths
between different providers as well as documentation processes
observed (Appendix). Assessment of document value was primar-
ily based on three unstructured interviews conducted after the
observation.
4. Results
4.1. Types and content of documents
We identiﬁed 17 forms used at the GI labs, of which 13 were
nursing documents prepared at registration and 4 were anesthesia
documents brought by anesthesiologists into the procedure room
(Appendix). Patients ﬁlled out 1 document with 3 pages. Eight
nursing and anesthesia document required patients’ cooperation
to provide relevant information. Two documents were printedCollected by
Different
Professionals?
Require
Further
Communication
?
Desired Double
Checking?
Replicated
Data
Duplicated
Data
Derived
Data
Suppliment
Data
Assign 0 to Information
Value Score
Assign 1 to Information
Value Score
Assign 3 to Information
Value Score
Assign 5 to Safety
Value Score
Assign 0 to Safety
Value Score
Assign 5 to Safety
Value Score
Assign 0 to Safety
Value Score
No
Yes
Yes
No
Yes
No
alysis tool.
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tient ofﬁces. The rest of the nursing documents were either pre-
printed or copied by nurses. The types of the 17 documents
contained checklists, categorization, free-text, scoring, instruc-
tions, charts, tables, ﬁll-in blanks on structured forms, and signa-
ture. All nursing forms were single copies. Additional copies were
generated via copy machine by the end of the process. Anesthesia
documents include carbon copies.
We found four major categories of documents:
1. Consent forms.
2. Forms retrieved from a database with certain types of informa-
tion, such as ‘‘Face Sheet’’ and ‘‘GI Lab Physician Order.’’
3. Most of the standard formatted forms, such as ‘‘Patient Medica-
tion Reconciliation,’’ ‘‘Anesthesia Record,’’ or ‘‘Fall Risk Assess-
ment,’’ that affect downstream processes. Among these forms,
the ‘‘Outpatient Database Information’’ (ODI), which is used in
outpatient ofﬁces but not speciﬁcally for GI lab orders, serves
as a source of relevant information.
4. Standard forms, such as ‘‘Discharge Instructions,’’ which have
less impact on downstream processes.
The documentation ﬂow diagram (Appendix) showed that there
was little interaction between nursing and anesthesia documenta-
tion. Documentation-related activities such as searching, sorting,
and organizing occurred throughout the process. All information
ﬂow was paper-based. No decision support system or other elec-
tronic patient safety triggers were used during the information
handling.4.2. Document values
Table 3 shows the results of value analysis. Two documents
were for administrative purposes only (the anesthesia charge sheetTable 3
GI Lab document value.
No Title Information
score
Regulatory
score
Patient
safety
score
1 Face sheet 5 0 0
2 GI lab physician orders/
scheduling
5 0 0
3 Outpatient database
information
5 5 0
4 Fall risk assessment criteria 5 0 5
5 Disclosure and consent:
anesthesia
0 5 0
6 Disclosure and consent:
procedure
0 5 0
7 General conditions of AD
consent for treatment HIPAA
consent
5 5 0
8 Medication reconciliation
form
3 5 5
9 Blood glucose record 3 5 5
10 Admitting History and
Physical
0 5 5
11 Focus note 3 0 0
12 Procedure safety checklist 5 0 5
13 Discharge instruction 5 0 5
14 Preoperative anesthesia
assessment
3 5 5
15 Anesthesia record 5 5 5
16 Anesthesia charge sheet
(optional)
0 0 0
17 Anesthesia billing sheet
(optional)
0 0 0
Abbreviations: AD = advance directive; GI = gastrointestinal; HIPAA = health insur-
ance portability and accountability act.and anesthesia billing sheet), which provided no information or
regulatory or patient safety value.
4.3. Identifying effort redundancy
Using the documentation matrix and document ﬂow diagram,
we were able to identify effort redundancy in the GI lab documen-
tation processes (Table 4).
As shown in Table 4, effort redundancy between multiple doc-
umentation processes was identiﬁed with the methods developed
to explicitly articulate values in terms of regulatory requirement,
information collection purpose, and patient safety initiatives. Iden-
tiﬁed redundancies may be used as targets for elimination. There
may be regulatory reasons for effort redundancy. For instance,
there was overlap in the ODI and ‘‘Admitting History & Physical’’
(AHP). The information captured on the AHP sheet was carefully
compared with that on the ODI form and double-checked by the
nursing providers through direction conversation with patients.
4.4. Identifying data redundancy
Different types of data redundancy were identiﬁed in multiple
documents. Table 5 is an example data redundancy analysis in
the GI lab documentation ﬂow.
Most of the data redundancy identiﬁed was due to replicated
data (the same set of data recorded/reported by the different arti-
facts). Patient demographic information, for example, was repli-
cated on multiple forms.5. Discussion
By using the three tools, we assessed the documentation pro-
cesses in the GI labs of a tertiary care center. Document valueTable 4
Evaluation of effort redundancy.
Redundancy of
effort
Participating
actors
Related documents Reason for
documentation
Checking
patient
medication
list
Patient, pre-op
nurse
‘‘Patient Medicine
Usage Sheet’’ from
‘‘Outpatient
Database
Information’’
Regulatory
requirement
‘‘Medication
Reconciliation
Form’’
Required by
internal policies
Checking
patient past
medical
history
Patient, pre-op
nurse
‘‘Outpatient
Database
Information’’
Regulatory
requirement;
patient input
information
‘‘Admitting History
& Physical’’
Initial
assessment by
pre-op nurse
Checking
patient
medical
history by
reading
patient chart
Nurse,
anesthesiologist
‘‘Outpatient
Database
Information’’
Regulatory
requirement
‘‘Admitting History
& Physical’’
Initial
assessment by
pre-op nurse
‘‘Pre-operative
Anesthesia
Assessment’’
Double check;
assessment by
anesthesiologist
Checking
patient
condition
and medical
background
Recovery nurse,
anesthesiologist
No documentation.
verbal
communication in
recovery area
Exchange
information
Table 5
Evaluation of Data Redundancy.
Redundancy of data Related documents Data type
Patient demographic information ‘‘Face Sheet’’ Replicated data
‘‘GI Lab Physician Order’’
‘‘Outpatient Database Information’’
Procedure prescription ‘‘GI Lab Physician Order’’ Replicated data
‘‘Outpatient Database
Information’’
Patient health condition ‘‘Outpatient Database Information’’ Duplicated data
‘‘Admitting History & Physical’’
‘‘Pre-operative Anesthesia Assessment’’
Patient allergy information ‘‘Outpatient Database Information’’ Replicated data
‘‘Admitting History & Physical’’
‘‘Pre-operative Anesthesia Assessment’’
Patient medication information ‘‘Outpatient Database Information’’ Duplicated data
‘‘Admitting History & Physical’’
‘‘Pre-operative Anesthesia Assessment’’
Patient physical assessment ‘‘Outpatient Database Information’’ Supplementary data
‘‘Admitting History & Physical’’ Replicated data
‘‘Pre-operative Anesthesia Assessment’’
Patient diagnosis ‘‘GI Lab Physician Order’’ Replicated data
‘‘Pre-operative Anesthesia Assessment’’
Anesthesia drug usage ‘‘Anesthesia Record’’ Replicated data
‘‘Anesthesia Billing/Charge Sheet’’
Anesthesia equipment usage ‘‘Anesthesia Record’’ Replicated data
‘‘Anesthesia Billing/Charge Sheet’’
Anesthesia activities and duration ‘‘Anesthesia Record’’ Replicated data
‘‘Anesthesia Billing/Charge Sheet’’
Abbreviation: GI = gastrointestinal.
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may be established for reengineering efforts. Three different per-
spectives were used to accommodate the multiple requirements
for documentation. When redundancy is identiﬁed, the value of
such redundancy needs to be established. In the example of the
studied GI labs, anesthesiologists were required to check the pa-
tient’s previous medical history, even if nurses had recorded all pa-
tient medical information in relevant documents. The potential
beneﬁts of the redundancy identiﬁed must be balanced against
the burden imposed on the patient and care providers.
Another form of effort redundancy was identiﬁed when anes-
thesiologists provided a verbal summary of the patient condition
and procedure to the nurses and some of the information was even
documented in the patient chart. The beneﬁt of face-to-face con-
versation included a chance for questions and answers and a way
to remind others of potential risks.
Data redundancy was identiﬁed in the forms of replicated as
well as duplicated data. For example, patients’ conditions were
duplicated on several forms used in the GI labs in slightly different
formats. Different providers recorded and assessed patients’ condi-
tion, each from his or her own perspective. Because information on
a patient’s condition includes input from multiple providers, it can
create a complex set of paperwork that describes one patient’s
overall condition, procedural experience, and outcomes. The value
for such data redundancy may be that it supports the perspectives
of the different providers. They assess patients’ condition according
to their own professional standards. Therefore, the patient physical
assessment on different paper artifacts may have a different focus.
The methods described provide one way to identify and under-
stand the value of redundancy in documentation processes. The
documentation matrix, document ﬂow diagram, and the value
analysis tool help build a system to identify the redundancy and
its impacts. We believe the methods may be used in other clinical
areas, such as in the care of patients with acute myocardial infarc-
tion, stroke, and trauma. The numerical scoring approach can
provide a rational basis to improve document management. For in-
stance, if a document has all scores of ‘‘0’’ except for its regulatory
score, it could be integrated with other documents that contain
some of the other values.6. Limitations and suggested future studies
Because this was a single-site case study, the interpretations
and generalizability of the methods reported was unknown. Never-
theless, the documentation evaluation methodology developed in
this study has potential utility in other clinical areas.
In most hospitals, paper-based information system coexists
with a computer-based information system, with the trend that
electronic data-based systems is replacing paper-based systems
for efﬁciency [14] and quality reasons [15]. In order to prepare
for the transition, deﬁning document users and the value of docu-
mentation are key in terms of document management. The docu-
mentation evaluation methods should be further reﬁned to
support the transition to an electronic environment.7. Conclusions
This study developed a documentation evaluation methodology
based on a systems engineering approach to improve documenta-
tion practices and information ﬂow. These methods should help
identify different types of values of documentation (regulatory,
information collection, and patient safety). Documentation redun-
dancy can be identiﬁed and quantiﬁed to support decision making
in reengineering documentation processes. One beneﬁt of these
methods is the identiﬁcation of how well the documentation pro-
cesses are organized and how they facilitate efﬁcient communica-
tion between providers.
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Fig. A.1. Current GI lab documentation process ﬂow diagram.
Table A.1
Matrix for the First Three Documents in the Process.
No 1 2 3
Title Face Sheet GI lab physician orders/scheduling Outpatient database informationb
Purpose Overview of patient
demographic info.
Scheduling and billing Clinical information shared by all
providers
Handler Nurse Nurse Nurse
Format Automatic Automatic Checkbox and free text combined
Preparation Printed out Printed out Patient ﬁlls out at home or in the waiting
area of GI
Work stationa 1 1, 2, 3, 4 1, 2, 3, 4
Completion Automatic, no
signature needed.
Stamp date and highlight Nurse highlight on the sheet ﬁlled out by
patient, signed by patient and clinician
Components 1. Health system
information
1. Patient information 1. Company family member
2. Patient demographic 2. Employment information 2. Primary Doc.
3. Procedure order 3. Health condition
4. Lab order . . .
5. Sedation requirement . . .
Data ﬁelds 1 a. Room No.; b. Account
No.; c. F/C; d. Admit
DT;
e. Service type
1 a. Name; b. DOB; c. SSN; d.
Day time phone; e. Second phone;
f. Additional information (not speciﬁed)
1 a. Name; b. Relationship; c. Phone No.; d.
Relationship to patient
2 a. General: name, sex,
age, address; b.
Employer
& SSN; c. Emergency
contact; d. Insurance;
e. Referral: attending
MD
2 a. Company; b. Phone; c. Policy; d. Group 2 a. Name
3 a. Admits (check-in/outpatient);
b. Date of procedure; c. Physician;
d. Time of procedure; e. Procedure
3 . . .
4 a. Lab order (check box) b. Nursing
requirement;
c. Additional orders/lab requests; d.
Signature (P & N)
. . .
5 a. Nursing order for sedation; b. Signature
(P & N)
. . .
Source BCON Fax Standard Form
Number of copies 1 1 1
Storage Patient medical
record
Patient medical record Patient medical record
Abbreviations: BCON = Baylor communications online network; DOB = date of birth; DT = date; F/C = Fiscal Code; GI = gastrointestinal; P & N = physician and nurse;
SSN = social security number.
a Number of work stations: 1. registration; 2. pre-op; 3. procedure room; 4. stage II recovery area.
b This form is standard for all orders prescribed by the physician’s ofﬁce.
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